AGS3 levels in the PFC and accumbens core are consisstriatum ( Figure 1A ). By 8 weeks of withdrawal, the levels of AGS3 remained elevated in the accumbens core, and tent with the fact that the glutamatergic projection from the PFC to the accumbens core is necessary for the while significantly elevated above control in the PFC, the levels were reduced compared to 3 weeks of withdrawal expression of addiction-related behaviors (Li et al. . Finally, animals were trained to self administer cocaine for 2 weeks, and after 3 weeks of withdrawal, to determine if the upregulation of AGS3 in the PFC may mediate the behavioral and neurochemical phenotype the level of AGS3 in the PFC was elevated compared with yoked saline control subjects ( Figure 1C ). observed during withdrawal from repeated cocaine administration. AGS3 levels in the PFC were pharmacologically regulated using antisense oligonucleotides and a Elevating AGS3 Caused a Cocaine Sensitization-like Phenotype Tat-GPR fusion peptide, and effects were measured on receptor coupling to Gi␣, glutamate release, locomotor Gi␣ inhibition by AGS3 can be mimicked by a consensus peptide derived from the four GPR domains contained activity, and the reinstatement of cocaine seeking.
within AGS3, and a single point mutation in the GPR domain ( by Tat-mGPR ( Figure 2B ). Thus, Tat-GPR effectively response was markedly enhanced between 10 and 60 min after cocaine injection in Tat-GPR-pretreated animimicked the ability of the AGS3 GPR domain to inhibit Gi␣. It should be noted that in the brain LGN, Rap1Gap, mals, compared to subjects microinjected with TatmGPR ( Figures 4A and 4B ). In contrast, there was no RGS12, and RGS14 contain at least one GPR domain each (Blumer and Lanier, 2003), and increasing intraceldifference in behavioral activation produced by injecting lular content of the four GPR domains contained in AGS3 by Tat-GPR could also be mimicking the action of these proteins.
A Tat-fluorescein conjugate was microinjected into the PFC, and in vivo transduction of cells was examined 30 min following microinjection. Transduction of both neurons and glia was found at the site of microinjection ( Figures 3A and 3B ). Nissl staining of adjacent sections revealed an abundance of healthy-appearing neurons and no apparent neurotoxicity outside the mechanical damage resulting from cannula implantation ( Figure 3C ). Immunoblotting for Tat-GPR at different times after microinjection into the PFC revealed maximum Tat-GPR content at 30 min that gradually diminished to undetectable levels by 120 min ( Figure 3D ).
The behavioral effect of transducing PFC cells with Tat-GPR was examined in drug-naive animals using photobeam breaks to estimate locomotor activity. Thirty minutes after microinjecting Tat-peptide, cocaine (15 mg/kg, i.p.) was administered, and the motor stimulant saline between the Tat-GPR and Tat-mGPR-pretreated lowing extinction training were administered an injection of cocaine at a dose (5 mg/kg, i.p.) that produces subgroups ( Figures 4A and 4B ). Both distance traveled (estimate of locomotion, Figure 4A ) and number of stereomaximal reinstatement of drug seeking (Baker et al., 2003). Two separate reinstatement trials were contypies (repeated breaking of the same photocell beam to estimate stereotyped behavior, Figure 4B ) were augducted, and animals were microinjected with either Tat-GPR or Tat-mGPR in counterbalanced order 30 min prior mented by Tat-GPR, indicating that the increase in motor activity probably did not involve switching between to injecting cocaine ( Figure 4C shows protocol). The number of active lever presses elicited by cocaine was competing behaviors but rather that inhibition of Gi␣ by Tat-GPR imparts increased sensitivity to the motorsignificantly augmented in the group pretreated with Tat-GPR ( Figure 4C ). stimulant properties of cocaine. In the experiment shown in Figures 4A and 4B , subjects were microinAnimals that develop behavioral sensitization or have been trained to self administer cocaine demonstrate an jected with Tat-GPR or Tat-mGPR at 1 week intervals in a random design such that each animal received all elevation in extracellular glutamate in the core compartment of the nucleus accumbens following a subsequent four treatments. Thus, in accord with the apparent short half-life of the Tat-GPR fusion peptide ( Figure 3D ), the injection of cocaine and/or exposure to an environment that was paired with cocaine administration, and the capacity of Tat-GPR pretreatment to produce a sensitization-like augmentation in the behavioral stimulant efenhanced glutamate release arises primarily from prefrontal cortical glutamatergic afferents (Hotsenpiller et fect of cocaine was reversible.
In addition to motor stimulation, the capacity of Tat Figures 7A and 7B) .
were conducted to evaluate the hypothesis that the upregulation of AGS3 in the PFC during withdrawal from 28 in the group infused with scrambled oligonucleotide ( Figure 9C ). In contrast, drug seeking was prevented by cocaine self administration mediates the reinstatement of cocaine-primed drug seeking.
infusion of either of the two antisense oligonucleotides ( Figure 9C ). However, a second cocaine injection adminRats were trained to self administer cocaine by associating a lever press with a cocaine infusion. Lever istered to the same animals 2 weeks after discontinuing oligonucleotide infusion (day 42) elicited reliable reinpressing for cocaine was extinguished by replacing cocaine with saline, and during extinction training, AS-1, statement to a cocaine injection in all oligonucleotide treatment groups ( Figure 9D ). The reduction in AGS3 by AS-2, or scrambled oligonucleotides were bilaterally infused into the PFC for 2 weeks. No difference between AS-1 did not affect food-induced reinstatement in rats trained to self administer food pellets instead of cocaine, oligonucleotide treatment groups was measured in the number of days required to achieve the extinction criteindicating that AS-1 did not produce motor or learning deficits that prevented rats from responding to the corion (see Experimental Procedures). After 14 days of oligonucleotide infusion, rats were administered a single caine-priming injection ( Figure 9B ). injection of cocaine (10 mg/kg, i.p.) to reinstate drug seeking (lever pressing for saline). Following this reinHistology The site of oligonucleotide infusion (Figure 6 ) or Tat-GPR statement trial, oligonucleotide infusion was terminated by removing the osmotic minipumps, and the propensity microinjection ( Figure 3A) was primarily in the ventral prelimbic and dorsal infralimbic cortex (Paxinos and to reinstate drug seeking was reassessed 2 weeks later ( Figure 9A) .
Watson, 1998). The dialysis probes were implanted into the core of the nucleus accumbens with Ͻ15% of the Drug seeking was elicted by a cocaine injection on day were analyzed together using a three-way ANOVA with repeated measures over time. A significant effect was found over treatment and time as well as a significant three-way interaction between treatment, oligonucleotide, and time. Data in (E) were analyzed using an unpaired Student's t test, and no differences were found. *pϽ 0.05, using a least significant difference test for posthoc comparisons between AS-1 and scrambled on day 28. ϩpϽ 0.05, comparing day 28 with day 42 in the AS-1 group. #pϽ 0.05, comparing day 28 with day 1 in the AS-1 group. 
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Self Administration
No effective pharmacotherapy exists for the treatment Rats were anesthetized as described above and fitted with unilateral of cocaine addiction, in part because the molecular bajugular catheters that were externalized on the animals' backs to sis of relapse to drug taking has yet to be elucidated ) and implanted with osmotic minipumps during extinction Cocaine HCl was a gift from the National Institute on Drug Abuse. Daily cocaine or saline injections (1.0 ml/kg, i.p.) were made for 1 training as described above. Rats were trained to lever press on an FR-1 schedule of reinforcement (each reinforcement consisted of week (Pierce et al., 1996) . On the first and last days of daily cocaine administration, 15 mg/kg, i.p., was administered and locomotor aca single 45 mg Noyes food pellet) in daily 2 hr sessions. Once stable responding was achieved, the schedule of reinforcement was tivity monitored in a photocell apparatus (Omnitech, Columbus, OH). Locomotor activity was quantified as distance traveled (determined increased to FR-2 and then to FR-5. Subjects remained in maintenance until lever press responding stabilized at less than 10% variaby consecutive breaking of adjacent photobeams). Stereotypy was estimated as consecutive breaking of the same photocell beam. tion across 3 consecutive days (ranging from 12 to 15 days of training). Subjects then entered behavioral extinction, in which lever Animals were adapted to the photocell box for 60 min prior to injection of cocaine or saline. On the intervening days (days 2-6 of daily press responding no longer resulted in food delivery, and were implanted with osmotic minipumps during extinction training as injection), rats were administered 30 mg/kg, i.p., of cocaine. A single investigator injected all rats at the same time each day during the described above. Rats were tested for their propensity to reinstate responding for noncontingent food delivery 14 days after implanting light cycle. If animals were used for immunoblotting, they were killed at various times after discontinuing daily cocaine or saline administhe osmotic minipumps, and all subjects tested had met extinction criteria (3 consecutive days of less than 10% maintenance rate of tration. If they were used for behavioral sensitization studies, the tests for behavioral sensitization were conducted in the same photolever pressing). Rats received two pellets immediately upon initiation and an additional 10 pellets for the first 20 min of the reinstatement cell box following administration of 15 mg/kg, i.p., cocaine.
To examine the effect of reducing AGS3 expression by antisense session (one pellet at 2 min intervals). Lever presses never resulted in food delivery. oligonucleotide infusion into the PFC, after 1 week of withdrawal from repeated cocaine, animals were fitted with indwelling microinjection cannulae attached to osmotic pumps as described above, Microdialysis and either AS-1, AS-2, or the scrambled oligonucleotide was infused Concentric probes were constructed and dialysis conducted in the bilaterally. Two weeks after beginning oligonucleotide infusion (day accumbens core ( 10,000 and word sizes of seven) were conducted to design potential presses over the 2 hr daily trial), daily extinction trials were begun, DNA antisense and scrambled constructs that hybridize to AGS3 in which cocaine was replaced with saline. One week after beginning mRNA specifically or to no known gene, respectively. These conextinction, rats were given food ad libitum for 5 days prior to being structs were synthesized with 5Ј phosphorothioate bonds (indicated implanted in the PFC with microinjection cannulae attached to osby an "*") at each end and purified using reversed phase HPLC by motic minipumps to continuously infuse oligonucleotide (see IDT (Coralville, IA). The scrambled sequence was 5Ј-T*A*C*C*G*GCT above). Five days after beginning oligonucleotide infusion, extinc-ACGACCGGACCG*T*C*A*A*G-3Ј, AS-1 was 5Ј-C*C*A*G*A*CAG tion training was reinstituted. All subjects had achieved extinction GAGGCCTCCATC*C*T*G*A*G-3Ј, and AS-2 was 5Ј-C*G*C*T*C*ACC criterion by 14 days after reinstituting extinction training (Ͻ10% of TTCCAGTGCCAG*C*T*C*C*A-3Ј. These constructs were placed into the average number of active lever presses made during the last 3 osmotic minipumps at a concentration of 42 M in saline. days of cocaine self administration), and the animals' propensity to reinstate drug-seeking behavior was assessed by administering Tat-Peptide Construction cocaine (5 or 10 mg/kg, i.p.) and monitoring active lever presses for Tat-GPR GRKKRRQRRRPPTMGEEDFFDLLAKSQSKRMDDQRVD 2 hr. During reinstatement testing, active lever presses resulted in LAK, Tat-mGPR (Tat-GPRQ22A), which contains A in place of Q at saline delivery. The following day, the osmotic minipumps were residue 34 of the Tat-GR peptide, and Tat-fluorescein were syntheremoved as described above, and the rats received daily extinction sized and purified by LSU Health Sciences Center Core Labs (New trials for 14 additional days, by which time all rats had achieved Orleans, LA) and peptide mass and purity verified by matrix-assisted extinction criterion. After this second extinction period, all subjects laser desorption ionization time of flight mass spectrometry. Pepwere given a cocaine injection (10 mg/kg, i.p.) and reinstatement assessed as described above.
tides were dissolved in 136 mM NaCl, 3 mM KCl, 10 mM Na 2 HPO 4 , 2 mM NaH 2 PO 4 •H 2 O, and 1% glycerol for a final concentration of Low-affinity agonist binding was determined in the presence of 1 mM GppNHp (Roche, Indianapolis, IN). Binding reaction mixtures 4.5 g/l.
were incubated at 25ЊC for 30 min and terminated by rapid filtration through glass fiber filters (Schleicher and Shuell, Keene, NH) with 4 ϫ Figure 7A was determined using a three-way ANOVA. was run in triplicate and averaged. After background was subtracted, each sample was normalized as percent change from base
